Abstract: A questionnaire survey of 1010 homeowners (response rate of 59%) in two counties in central Sweden viz., Jämtland and Västernorrland was conducted to understand the influence of external actors on homeowners' decision to install energy efficient windows. We complemented this survey with interview of 12 window sellers/installers in the Jämtland county. Majority of homeowners (74%) contacted more than one external actor for information when they plan to replace their windows. Window sellers/installers have a strong influence on homeowners' window selection as 97% of homeowners bought the windows that were recommended to them. The sellers/installers recommended windows with a U-value in the range of 1.1 to 1.8 W/m 2 K and cited that condensation and high cost are the major drawbacks of windows with a U-value < 1.2 W/m 2 K.
Introduction
Diffusion of energy efficient windows in Swedish building sector may reduce fossil fuel dependency and mitigate climate change. The thermal performance of windows in Sweden has improved over the years and the energy efficiency standard is higher than that of many other countries. For example, in Sweden a window is considered energy efficient if its Uvalue is ≤ 1. About 85% of detached houses in Sweden are more than 30 years old [3] , and windows in many of these buildings may be in poor condition. Moreover as these buildings were built before energy efficiency was emphasized in the building codes in 1977, a large market is available for energy efficient windows. A survey of owners of detached houses in Sweden revealed that homeowners are more likely to replace/change windows than other building envelope components [4] . Due to their long life span the type of windows installed will influence the energy use of the buildings for a long time. From primary energy saving perspective, it is important that homeowners adopt the most energy efficient windows available in the market.
Homeowners may not adopt energy efficiency measures because of lack of adequate and reliable information, lack of awareness [5, 6] , or the inability to interpret the available information. Furthermore, potential adopters may have difficulties in perceiving the performance and advantages of energy efficiency measures if the gains are not directly visible [7] , are insignificant or are delayed. In such situations homeowners' final choice of a particular measure is influenced by actors whom they consider as experts in the field. Homeowners' adoption of a particular type of window may depend on the recommendation of the sources important to homeowners. Window sellers/installers are the closest link to customers in the demand chain, and could exert a strong influence on consumer's choice. To the best of our knowledge, no e mpirical studies about influence of external actors on homeowners' adoption of energy efficient windows have been conducted in Sweden. In this paper, we analyse the role of external actors especially window sellers/installers in homeowners' adoption of energy efficient windows.
Role of external actors
Homeowners may seek information or advice because of uncertainties regarding information alternatives or due to uncertainties on w hich alternative to choose. For high investments, customers may search for information from various sources [8] . The degree to which customers' search for information depends on their perception of the costs associated with the search [8] , or their ability and motivation [9] . Sources of information include mass media, interpersonal sources, sellers/installers and neutral sources like municipal energy advisers. Though mass media could improve consumers' awareness about various products their ability to influence consumers' adoption decision is limited to a small group of innovators and early adopters [10] . To reduce the burden of interpreting vast amount of information and to obtain appropriate information homeowners' may seek advice from expert(s) whom they think are credible. The external advice may help the potential consumer to clear their thoughts about the decision and improve their decision confidence [11] . Individuals give more weightage to advice while performing a difficult task compared to an easy one [12] . Hence the relevance of advice may be more pronounced in the adoption of investment intensive measures like windows.
Trustworthiness of a organization working without profit motive (e.g. state agents or nongovernmental organizations) is higher than one working for profit motive (e.g. marketing agents) [10] . However, store sales personnel were found to influence customers' choice [13, 14] . Store visits and salespeople are very important source of information for buyers of durables [15, 16, 17] , and individuals who are susceptible to interpersonal influence are more influenced by salespersons [18] . Studies in Sweden have shown that homeowners consider sellers/installers as an important source of information when adopting heating system [19] , energy efficient building envelope components [4] . This may be because of homeowners' perception that the sellers/installers are experts in their respective field and/or they usually make house visits to make on t he spot assessment of the requirements of their prospective clients. Moreover homeowners may consider the window sellers/installers in their locality similar to themselves, and the influence of an expert salesperson is high in such circumstances [20] .
Methodology
The research methodology includes both quantitative and qualitative analysis. Homeowners' perception of external actor's influence in the adoption decision is based on a mail-in questionnaire survey of homeowners who availed investment subsidy to replace their windows with energy efficient windows (U-value ≤ 1.2 W/m 2 K). Questionnaire were sent to 1010 homeowners in the two neighbouring counties in central Sweden (315 in Jämtland and 695 in Västernorrland) whose addresses were collected from Boverket (Swedish National Board of Housing, Building and Planning) which administrated the programme during 2007-2008. On an average, the homeowners in our survey received 14% of their investment cost as subsidy. The survey was conducted during November -December 2009. 25 que stionnaires were returned either due to incorrect address or non residence of the addressee. The response rate for the survey after one reminder was 59%. The questionnaire consisted of mainly three parts. Section A included questions about the reasons for replacement of windows, factors influencing respondents choice of windows, influence of external actors, perception towards energy efficiency measures. Questions regarding the influence of policy instruments in respondents' adoption of energy efficiency measures were covered in Section B. Section C included questions related to socio-economic variables.
To understand the supply side actors' perspective on energy efficient windows, we conducted interview of window sellers/installers in Jämtland county. A list of window sellers/installers in the Jämtland county was prepared based on a search on the yellow pages. All the 29 listed window sellers/installers/repairers were contacted for a s emi structured interview. However some of them did not participate because they had discontinued their business or merged with other companies or did not have time or were just into window cleaning business, while three sellers/installers were not interested to participate. Accordingly, we interviewed 12 sellers/installers. The interviews were conducted during November 2009 -March 2010. We asked the interviewees mostly open ended questions about their influence on hom eowners' choice of windows and their perception towards energy efficient windows.
The interviewed personnel were highly experienced in window business as nine persons had more than 25 years of experience, while two had more than 10 years of experience. Ten of the interviewees were owner or partner of their firm, while two were sales personnel of their organization. Table 1 . R espondents who were old, university educated and who lived in old houses were more likely to replace their windows with energy efficient windows. 
Results

Respondents who availed investment subsidy to install energy efficient windows
Information search and role of external actors
For most respondents' window sellers/installers (which include glass working companies) was the most influential actor in their window choice (Table 2) . Interpersonal sources such as friends/peers/relatives were reported to be the second most influential external actors. Other external actors were important for only fewer respondents. There was no significant relationship among respondents preference for information sources on windows and their demographic characteristics. However, there was a trend that suggests that respondents with different demographic characteristics accorded varying level of importance to the external actors (Table 3 ). For example, university educated or aged up to 45 years or female respondents gave higher importance to interpersonal sources. Majority of homeowners (74%) contacted more than one external actor for information when they plan to replace their windows. About 60% of homeowners contacted two or more different type of external actors for information. Majority of homeowners contacted window sellers/installers for information on w indows, while energy advisers and energy companies were contacted by least number of homeowners (Table 4) . 26% of respondents bought and installed windows themselves, 21% bought windows themselves and installed it through professionals, and 53% replaced windows on turnkey basis wherein a professional did the entire window replacement. The homeowners who bought and installed windows themselves may be more knowledgeable in windows as they were more likely to be aware of better energy efficient windows in the Swedish market (p ≤ 0.01 as per chi-square test) than those who replaced their windows through professionals. 69%, 18% and 11% of respondents entrusted the turnkey job to window sellers/installers, construction companies and carpenters, respectively. The various reasons homeowners' entrust the window replacement task to the professionals is given in Table 5 . The most important factors for selecting a particular vendor for window replacement was easiness to contact them and the company's reputation to undertake good quality work and service (Table 6 ). 53% of the total respondents and 64% of those who entrusted the window replacement task on turnkey basis reported that the company from which they bought windows had recommended a specific window. About 97% of respondents had installed the windows that were recommended to them.
Window sellers/installers perspective
The window sellers/installers believed that they exert a v ery strong influence on their customer's choice of windows. Some of them stated that their suggestions/information had a very strong impact as often the customers were not aware about the choices. Window sellers/installers recommend/prefer windows with U-value from 1.1 t o 1.8 W /m 2 K (Table 7) . "Customers think it is too damn that they bought new windows and it gets condensation in the outside"
"…if you get down to 1.2,…, the risk of condensation is large and I think the requirement is too hard"
"If you get highly annoyed if you see a white window when you come down to eat breakfast in the kitchen, it was not nice of you to bought a low U-value window"
According to a couple of sellers/installers, it is difficult to sell the window manufacture's argument that the external condensation in windows indicates its high energy efficiency. As per four sellers/installers, condensation in external surface of energy efficient windows occurs only during a very few occasion in Jämtland. As per many sellers/installers if the homeowners were informed about the potential condensation problem then the homeowners will not be "surprised" by condensation and thereby would not be dissatisfied by it. Window sellers/installers usually inform their customers about condensation issue associated with energy efficient windows.
The price of windows with U-value < 1.2 W/m 2 K was a concern for many of the interviewees. Eight sellers/installers reported that it w as expensive to buy windows with U-value 1.0 W/m 2 K, and energy efficiency benefits of such windows compared to windows with U-value of 1.2 W/m 2 K was only marginal. Hence, according to window sellers/installers it is not worth to buy such windows.
Discussion and conclusion
Prior to window purchases, majority of homeowners approached multiple external actors for information. Hence, Swedish homeowners may undertake active pre-purchase information search before buying windows. This study shows that majority of homeowners' considered window sellers/installers as the most influential actor in their window choice. We found that the influence of window sellers/installers on hom eowners was so strong that if window sellers/installers recommended a particular window, homeowners' usually would install it. Other external actors were not that influential. This indicates that window sellers/installers have a determinant role in the diffusion of energy efficient windows in Swedish detached houses Majority of homeowners in our sample (79%) who availed the investment subsidy for window replacement had installed windows that had a U-value of 1.2 W/m 2 K. Their choice of windows with U-value of 1.2 W/m 2 K may be due to the favourable advice they received from window sellers/installers on such windows and that a U-value of 1.2 was required to receive the subsidy.
Window sellers/installers preferred a window that was "reasonably" energy efficient, and majority did not recommend windows with U-value <1.2 W/m 2 K. They believed that the investment required for windows of U-value <1.2 W/m 2 K is not economically justifiable and also such windows cause condensation problem. To convince homeowners about the cost benefits and condensation issues, the sources they rely most (viz., window sellers/installers) need to be confident on those issues. The adoption rate of higher energy efficient windows could be increased by addressing the concerns of window sellers/installers towards condensation issues and higher prices of such windows.
For a significant percentage of homeowners professionals did the entire window replacement. This is mainly because of respondents' perception that the quality of the work would be good or due to time constraints to install windows themselves. Window sellers/installers were the most preferred actor for installing windows on turnkey basis. The most common reasons reported for selecting a particular vendor was easiness to contact them and reputation to undertake good quality work and service. The price offered was reported by relatively less number of homeowners in selecting the vendor. This may be because owing to the competition there could be only small price difference similar windows sold by vendors.
Only 14% of respondents considered energy advisers as an important source of information on windows, and only 16% contacted an energy adviser. Our result is similar to earlier findings on homeowners contact with energy advisers [21] . The reasons could include low awareness about the energy advice service and a perception that energy advisers may not be experts in windows.
Our discussions on ho meowners' adoption decision are based on a mail-in questionnaire survey, and this has some disadvantages. For example, about 41% of the homeowners did not respond, and therefore, non-response bias might be a concern which we did not investigate. Furthermore, the respondents may not have entirely understood the questions, as in all questionnaire surveys, and we were not able to clarify the questions, which in turn might have influenced the responses. Similarly, as local climate may influence external condensation on windows, the perception of window sellers/installers on c ondensation in energy efficient windows and their subsequent recommendations may vary across Sweden.
